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Standard Practice for

Preparation of Pressed Powder White Reflectance Factor
Transfer Standards for Hemispherical and Bi-Directional
Geometries *

This standard is issued under the fixed designation E 259; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonejf indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The internationally accepted standard of reflectance is the perfect reflecting diffuser. This ideal
reflecting surface reflects 100 % of the incident radiant power such that the radiance is the same for
all directions within the hemisphere above the surface. No physical realization of this standard exists.
Optical properties of standards prepared from pressed plaques of magnesium carbonatg)(MgCO
barium sulfate (BaS§), or polytetrafluoroethylene (PTFE) can approximate an ideal standard. For
further information see CIE Publication No. 48).? The principal use of a white reflectance factor
standard is to transfer an absolute scale of reflectance to a more durable material or from one
instrument to another. In theory, it should be easy to do this transfer from first principles. In practice,
one is likely to need values for parameters that are unknown, proprietary, or require a high level of
skill. Some, but not all, of those parameters are discussed in this practice.

1. Scope 2. Referenced Documents

1.1 This practice covers procedures for preparing pressed 2.1 ASTM Standards:
powder transfer standards. These standards can be used in th& 284 Terminology of Appearange
near-ultraviolet, visible and near-infrared region of the electro- )
magnetic spectrum. Procedures for calibrating the reflectance Terminology
factor of materials on an absolute basis are contained in CIE 3.1 Terms and definitions in Terminology E 284 are appli-
Publication No. 442). Pressed powder standards are used asable to this practice.
transfer standards for such calibrations because they have a3.2 Definitions—The following definitions are particularly
high reflectance factor that is nearly constant with wavelengthmportant to this practice:
and because the geometric distribution of reflected flux re- 3.2.1 perfect reflecting diffuserideal reflecting surface that
sembles that from the perfect reflecting diffuser. neither absorbs nor transmits light, but reflects diffusely, with
1.2 The values stated in Sl units are to be regarded as thibe radiance of the reflecting surface being the same for all
standard. The values in parentheses are for information onlyreflecting angles, regardless of the angular distribution of the
1.3 This standard does not purport to address all of theincident light. (1990)
safety concerns, if any, associated with its use. It is the 3.2.2 reflectance,p, n—ratio of the reflected radiant or
responsibility of the user of this standard to establish approduminous flux to the incident flux in the given conditions.
priate safety and health practices and determine the applicafCIE]*
bility of regulatory limitations prior to use. 3.2.3 The termeflectances often used in a general sense or
as an abbreviation foreflectance factorSuch usage may be
assumed unless the above definition is specifically required by
the context. (1989b)
1 This practice ?s under_thejurisdictic_)q _of ASTM Commi_ttee E-12 on Colorand 3 2 4 reflectance factor, Rn—ratio of the flux reflected
Appearance and is the direct responsibility of Subcommittee E12.02 on Spectrcﬁ,om the specimen to the flux reflected from the perfect

photometry and Colorimetry. X X f
Current edition approved Oct. 10, 1998. Published March 1999. Originaly€flecting diffuser under the same geometric and spectral

published as E 259 — 65. Last previous edition E 259 — 97. conditions of measurement. [C&]1988)
2 The boldface numbers in parentheses refer to the list of references at the end of
this practice. 4. Summary of Practice

4.1 Procedures are given for the preparation of white

3 Annual Book of ASTM Standardgol 06.01.
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//////// standard includes a powder press, powder containers and a

///7/// COLLAR balance. There are presently two commercial suppliers of

Z /// powder pressetThe press and receptacles can also be made in
//////// 7 % a local machine shop. A suggested configuration is shown in
F /%////f/ Fig._ 1. The optical surface of the plaque should be pressed
7 AL, against a surface of ground glass or poly(methyl methacrylate)
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Q to provide a matte finish on the pressed plaque. Powder
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receptacles should be at least 5 mm deep for Ba810 at least
LLL LA L

10 mm deep for PTFE.

RECEPTACLE = .
7. Reagents and Materials

be’;loorfplre_slﬂz fﬁgagowdde;eceptade should be securely held in place 7.1 Barium Sulfate-the barium sulfate should be of the
FIG. 1 Example Powder Press highest purity. It should be specially refined for optical and
spectroscopic uses).

7.2 Polytetrafluoroethylene-the PTFE(4) should also be
reference standards of diffuse reflectance factor and diffusepecially refined for optical and spectroscopic use but some
radiance factor. The recommended materials are white powdeggmmercial grades have been found to be acceptable substi-
that are pressed into plaques. These plaques provide clodides.(5) There is currently no commercial source for small
approximations to the optical properties of the perfect reflectquantities of optical grade PTFE powder. Large quantities
ing diffuser, and may be used to transfer a scale of absolutglrums) of commercial grade PTFE can be obtained from
reflectance to another material or to an instrument. manufacturers.

5. Significance and Use 8. Procedure

5.1 All commercial reflectometers measure relative reflec- 8-1 Store all powdered reflectance standards in tightly
tance. The instrument reading is the reflectance factor, the ratPPed glass containers. If the powder is purchased in plastic
of the light reflected by a reference specimen to that reflecte§ONtainers, transfer it to a glass container as soon as possible.
by a test specimen. That ratio is dependent on specifid€fore using the powder, place it in a glass blender equipped
instrument parameters. wrgh stalnless'-steel or PTFE-coated bladgs and pulverize to a

5.2 National standardizing laboratories and some researdiliform consistency. Transfer the quantity of powder to be
laboratories measure reflectance on instruments calibratdtp€d With stainless steel or PTFE-coated spoons. Perform the
from basic principles, thereby establishing a scale of absolut¢h0l€ operation in a draft-free location, away from sources of
reflectance as described in CIE Publication No(2y These small particulate contamination, filters, sweaters, wmdqws,
measurements are sufficiently difficult that they are usually lef@®Vens, etc. Perform all measurements (weight, height, width,
to laboratories that specialize in them. depth, volume, area, etc.) with adequate precision to ensure

53 A standard that has been measured on an absolute scii@t the final density is within 5 % of the specified value. The
could be used to transfer that scale to a reflectometer. WhilB'0St reproducible standards are made by pressing the powder
such procedures exist, the constraints placed on the mechani%ﬁla specific density. Thus, determine the mass of the powder to
properties restrict the suitability of some optical properties,°€ Used from the volume of the receptacle.
especially those properties related to the geometric distribution 8-2 Barium Sulfate-Press BaS@to a density of 2000
of the reflected light. Thus, reflectance factor standards whicK9/M’(2.0 gm/cnd) and a thickness of at least 5 mm. Press
are sufficiently rugged and able to be cleaned, depart consigeveral specimens in succession. Select matched pairs to be
erably from the perfect diffuser in the geometric distribution of '€Presentative of the contents of the bottle of powder. Keep the
reflected radiance. pressed plaques in a covered desiccator when not in use. Some

5.4 The geometric distribution of reflected radiance from asuppliers of BaSQprO\(ide calipration values with gach bottle
pressed powder plaque is sufficiently diffuse to provide z°of powder, other suppliers provide o_nly 3 or 4 quality reference
dependable calibration of a directional-hemispherical reflectotNecks and a reference to published values of reference

meter. Although pressed powder standards are subject andards prepared from the powder. Table 1. gives the 6°/
contamination and breakage, the directional-hemispherical r liffuse reflectance factor values for Eastman White Reflectance

flectance factor of pressed powder standards can be sufﬁcientﬁ/tandard:;)' - . . .
reproducible from specimen to specimen made from a given lo 8.2.1 Another description of this procedure is found in Ref.
of powder, so as to allow one to assign absolute reflectan 4)-

factor values to all the powder in a lot.

f 55 This praCtice describes hOW_tO prepare white reflectan 4 Powder press conforming to ISO 2469 and DIN 5033 is available from Carl
actor stz_ar}dards from a pOWd.er in a manner that allows %eiss Canada, Ltd., 45 Valleybrook Drive, Don Mills, Ontario M3B-2S6, Canada,
standardlzmg Iaboratory to assign the absolute scale of reﬂe‘ﬁ”art Number 505866; and Technidyne Corporation, 100 Quality Avenue, New

tance to the plaque. Albany, IN 47150-2272, Part Number 176601.
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TABLE 1 6°/Diffuse Reflectance Factor of Eastman White TABLE 3 45°/0 Diffuse Reflectance Factor of Pressed PTFE
Reflectance Standard Pressed BaSO , Powder ” Powder A

Wavelength, nm Reflectance Factor Wavelength, nm Reflectance Factor®
300 0.968 380 1.002
350 0.979 390 1.003
400 0.987 400 1.005
450 0.991 410 1.006
500 0.991 420 1.006
550 0.992 430 1.007
600 0.992 440 1.007
650 0.992 450 1.008
700 0.992 460 1.008
750 0.992 470 1.009
800 0.992 480 1.009
850 0.991 490 1.009
900 0.990 500 1.010
950 0.988 510 1.010
1000 0.986 520 1.010
530 1.010
540 1.011
8.3 Polytetrafluoroethylene-Press PTFE to a density of ggg 1811
1000 kg/n? (1.0 gm/cnd) and a thickness of at least 10 mm. =70 Lol
The spectral reflectance, which is a function of density, has a 580 1.011
broad maximum near this density. Prepare several specimens in ggg igﬂ
succession. Matched pairs are selected to be representative of 610 1011
the contents of the container of powder. Keep the pressed 620 1.012
plaques in a desiccator when not in use. PTFE has a high gjg 185
dielectric constant and can be very sensitive to airborne 650 1012
particulates. Such contamination can make the material slightly 660 1.012
fluorescent and reduce its reflectance in the near-ultraviolet g;g igg
spectral region. Table 2 lists the 6°/diffuse reflectance factor 690 1012
values 6) and Table 3 lists the 45°/0° reflectance factor values 700 1.012
(7) of PTFE as determined by the National Institute of s o
Standards and Technology (NIST). 730 1.015
o ) 740 1.015
9. Precision and Bias 750 1.016
. . 760 1.016
9.1 The National Institute of Standards and Technology and 770 1.017

the Inter-Society Color Council Project Committee 22, Mate-"apq civ ™~ 1000 kg/m® and thickness = 5 mm.

rials for Instrument Calibration, have carried out collaborative 5accurate to + 0.003.

tests to determine the precision and bias of the preparation of

PTFE reflectance factor standar@. The standard deviation . . S

of three determinations of the reflectance factor of PTFE by the (,)'005' F_rom the 9 Iabqratorles participating in the round-
NIST ranged from 0.0002 to 0.0008 over the spectral range 306)bln e>_<per|ment, 17 specimens were returned. The results are
to 1000 nm. The measured reflectances of PTFE from tw'OWn in Table 4 for the wavelength range 300 to 1000 nm.
manufacturers exhibited differences of from —0.002 to +0.004 9-2 The National Institute of Standards and Technology

over the same range with the largest differences near the en grried out collaborative tests to determine the uncertanities in
of the range and a constant measurement uncertainty o e preparation of PTFE for use as transfer standard_s of
reflectance factor for the 45°/0° geometry. Duplicate pressings

TABLE 2 6°/Diffuse Reflectance Factor of Pressed PTFE

Powder TABLE 4 Average and Standard Deviation of 6°/Diffuse

Wavelength, nm Reflectance Factor Reflectance Factors of 17 PTFE Plaques Prepared by 9

200 0.084 Laboratories

350 0.990 Reflectance Factor

400 0.993 Wavelength, nm

450 0.993 9 Average” ;ésg(tjgrfs

500 0.994

550 0.994 300 0.9792 0.0063

600 0.994 350 0.9883 0.0021

650 0.994 400 0.9911 0.0018

700 0.994 500 0.9919 0.0020

750 0.994 600 0.9915 0.0023

800 0.994 700 0.9914 0.0023

850 0.994 800 0.9912 0.0024

900 0.994 1000 0.9910 0.0024

950 0.994

“Average Density = 926.2 kg/m 3.

1000 0.994 BStandard Deviation = 85.7 kg/m?®.
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were made of the same PTFE in ten different laboratories. Thand approximately 1.5 % at wavelengths below 500 nm in the
standard deviations of the measured reflectance factor, asvisible spectral region.
function of wavelength is shown in Table 5. Table 6 shows the;

measured reflectance factors, averages, and standard deviationiO bi_directional optical . - hemispherical
of four different drums of PTFE. The total uncertainty for the -1 bi—directional optical measuring system; hemispherica

transfer is approximately 1 % at wavelengths above 500 nnqptical measuring system; in'te'grating sphere; material stan-
dards; reflectance and reflectivity; transfer standards

0. Keywords

TABLE 5 Difference From the Average of PTFE Powder Pressings Ten Laboratories (A-J) and Two Replicates (1-2)

Wavelength, nm

380 450 600 700 770
Al 0.002 0.004 0.002 0.003 0.004
A2 0.004 0.006 0.003 0.001 0.003
B1 -0.001 0.001 0.000 0.000 -0.007
B2 -0.005 0.000 -0.001 0.000 -0.001
C1 0.009 0.006 0.004 0.004 0.005
C2 -0.005 -0.005 -0.004 -0.006 -0.005
D1 0.001 0.002 0.001 0.001 0.002
D2 0.007 0.004 0.003 0.002 0.002
El -0.003 0.002 0.002 0.003 0.004
E2 -0.004 -0.004 -0.005 -0.006 -0.006
F1 0.000 -0.011 -0.004 0.008 0.004
F2 -0.001 0.000 0.001 0.001 0.001
Gl -0.002 -0.004 -0.004 -0.004 -0.005
G2 0.009 0.005 0.002 0.002 0.004
H1 -0.012 -0.006 -0.006 -0.008 -0.007
H2 0.010 0.001 0.000 0.001 0.002
11 -0.003 0.000 -0.002 -0.001 0.000
12 0.006 -0.002 0.002 0.002 0.005
Ji -0.010 -0.007 -0.005 -0.007 -0.004
J2 0.003 0.007 0.006 0.008 0.006
Standard Deviation (k=2) 0.012 0.010 0.006 0.008 0.008
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TABLE 6 45°/0° Reflectance Factor of Pressed PTFE Powder From Different Drums of PTFE

Wavelength, nm

380 420 470 550 630 700 770
Drum 1 1.005 1.008 1.011 1.013 1.012 1.013 1.016
Drum 2 1.001 1.006 1.009 1.011 1.012 1.012 1.017
Drum 3 0.993 0.999 1.006 1.007 1.010 1.011 1.016
Drum 4 1.007 1.010 1.011 1.012 1.013 1.013 1.017
Mean 1.002 1.006 1.009 1011 1.012 1.012 1.017
Standard Deviation 0.013 0.010 0.008 0.005 0.002 0.002 0.001
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